ABSTRACT
INTRODUCTION
irect-to-consumer sales outlets (farmers' markets, roadside stands, onfarm stores, farmers' markets, pick-your-own sites) are linked to demand for locally-grown food. A 2006 USDA farmers' market manager survey found that freshness, taste, and access to locally-grown food were the top three reasons that managers believed consumers shopped at their markets (Ragland and Tropp, 2009 ). Other studies have found that the main reasons consumers shop at farmers' markets is for local production among other factors, including the shopping atmosphere, environmental consciousness, product freshness, appearance, and variety (Gao et al., 2012; Onianwa et al., 2006) .
Perceptions about prices at direct sales outlets versus competing retail food outlets vary widely. Higher prices at direct sales outlets may serve as a barrier to greater patronage of these venues (Claro, 2011; Chambers et al., 2007) . Local food advocates suggest that farmers who market through direct sales venues can receive greater returns for their products compared to conventional marketing channels (Anderson, 2007) . After subtracting marketing costs, producers may receive higher per unit revenue and retain a greater share of the retail price. This may be especially important to small producers, many of whom rely exclusively on direct sales outlets (Low and Vogel, 2011) .
Peer-reviewed case studies have found that consumers perceive items at farmers' markets to be lower, or more reasonably, priced and of higher quality than prices at supermarkets (Brown, 2003; Wolf et al., 2005) . Others have found participants in Federal nutrition programs that promote purchases from direct marketing venues (e.g., Farmers' Market Nutrition Program, Senior Farmers' Market Nutrition Program) perceive quality of produce to be as good (or better), and/or prices to be lower, at the farmers' market compared to their grocery store (McCormack et al., 2010) . Media coverage also reflects inconsistency in how farmers' market prices compare to supermarkets (Ruth-McSwain, 2012 ).
Analyses of prices at direct sales outlets have been limited and have focused on specific geographic areas. Six case studies were conducted in various states, including California, North Carolina, Iowa, Vermont, Oklahoma, and Texas in select months of a particular year. These studies typically compare farmers' market prices to prices There is currently little retail scanner data for local food and no centralized point-of-sale system in which all sales transactions are recorded at direct sales outlets so that a comprehensive analysis of local food prices can be conducted. In this study, we use a nationally representative sample of households and information about their retail food purchases in 2006 to compare prices at direct sales outlets and retail food stores. A hedonic regression model is estimated for fresh tomatoes and apples in the Mid-Atlantic region of the United States. Fresh fruits and vegetable items account for most direct sales to consumers (Low and Vogel, 2011) . Results indicate the magnitude of price differences between direct sales outlets, grocery stores, and supercenters across seasons and within different subregions of the Mid-Atlantic region.
DATA SOURCE
This study uses the 2006 Nielsen Homescan panel data to estimate average fresh tomato and apple prices at various outlets within the Mid-Atlantic region, which includes Delaware, Washington DC, Maryland, New Jersey, Pennsylvania, Virginia, and West Virginia. To our knowledge, there are no studies using a nationally representative survey of households to compare produce prices at direct marketing outlets with prices at other retail stores within a specific geographic region of the United States. The Homescan panel consists of representative U.S. households that provide weekly reports of food purchased for at-home consumption from various retail outlets in at least 10 months of the year. For all purchases, a household records information by scanning the UPC or a designated code for non-UPC, random-weight products (e.g., fresh fruits and vegetables, bakery products produced and packaged in the store, meat products cut and packaged in the store). Purchase data include the purchase date, quantities, expenditures, product attributes, marketing channel or retailer type (grocery stores, supercenters, warehouse clubs, drug stores, mass merchandisers, convenience stores, health food stores, and "all other" retailers), store name, and household demographic data. About 32,000 households record their UPC-labeled items, and 8,000 randomly selected households, referred to as the Fresh Foods panel, also record random-weight products.
In 2007, Nielsen replaced the Fresh Foods Panel with the Total Sample View, which no longer contains details on the random-weight items. Specifically, after 2006, item characteristics and the quantity purchased are no longer recorded.
Because purchases from direct marketing outlets would not have UPCs, they would likely be recorded only through the random-weight collection methodology. For this reason, our analysis includes only products purchased as random-weight items in 2006. According to Nielsen, panelists would likely use the store name "fruit stand," which is included in the "all other" retailer type, to record purchases from direct sales outlets including farmers markets, roadside fruit stands, on-farm sales, and other direct sales outlets (Nielsen, 2009 ).
While we are able to identify sales from direct marketing outlets, we are unable to verify that the items sold at direct marketing outlets are actually local. For example, some fruit stands may carry both locally grown produce and imported produce, which is sold in order to provide their customers with a one-stop shopping experience. Sales of non-local items at direct sales outlets may be more prevalent in the winter months, especially for produce with a short storage period. In case studies, analysts are better able to distinguish between locally sourced versus non-local produce at direct marketing outlets. For example, Sommer et al. (1980) restricted their price comparisons only to Prices (net of promotional and sales discounts) of tomatoes and apples are computed by dividing total expenditure by quantity purchased (e.g., Huang and Lin, 2007; Lin et al., 2008) . Fresh tomatoes and apples are chosen because they are among the most popular random-weight produce items purchased by the Nielsen Homescan panelists in terms of both purchase frequency and expenditures.
MODELING PRICE DIFFERENCES BETWEEN DIRECT MARKETING VENUES AND OTHER RETAIL OUTLETS
In this paper, we utilize the hedonic method to estimate the implicit value of produce items at direct sales outlets. The underlying assumption of the hedonic model is that utility is derived from n characteristics of products, z = (z 1 , z 2 , …, z n ), where z i is the amount of the i th attribute contained in a product (Rosen, 1974) . Each product has a market price and is associated with a specific attribute bundle, z, which implies a function relating prices and characteristics:
This function is the household's and seller's equivalent of a hedonic price regression where the consumer is assumed to maximize utility by choosing a bundle of products and product attributes subject to a budget constraint. The resulting value or bid function for each household indicates the maximum amount these household would be willing to pay for alternative attribute bundles. The producer is assumed to maximize profits by choosing the amount of characteristics and number of units with those characteristics. The resulting offer function indicates the minimum unit price the firm is willing to accept for the attribute bundles produced. P(z) solves the competitive equilibrium defined by the tangency of the offer and bid functions for attribute bundles, or where Q S (z) = Q D (z). Hence, the implicit price of an attribute reflects both consumer willingness to pay and costs of providing that attribute. The marginal or implicit price of each attribute can be estimated based on the observed relationship between the product purchase price and amount of attributes provided by the product.
In addition to type of retail outlet the household purchase was made, the estimated hedonic regression model includes a set of other market attributes (whether product was purchased at a discounted price, season of purchase, and subregion of household residence), product characteristics (organic, brand name, variety, and whether the produce was prepackaged), and socio-demographic factors that characterize the household:
where P it is price paid by the i th household at time t. All variables included in the regression model are defined in Table 1 .
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We compare produce prices at direct sales outlets, grocery stores, and supercenters, which are large stores that offer both department store items and a full range of grocery products. Grocery stores account for over 81 percent of fresh tomatoes and apples purchased. However, since Wal-Mart opened its first supercenter in 1988, the growth in supercenters has been one of the most notable changes occurring in U.S. food retailing (Volpe et al., 2013) . Supercenter prices have been found to be significantly lower than supermarket prices for comparable products (Volpe et al., 2013) . For example, Volpe and Lavoie (2008) estimated average prices to be 14 to 23 percent lower at supercenters compared to supermarkets for national brand products across six major departments.
Previous studies have suggested that seasonality may play a role in differences found in prices at farmers' markets and supermarkets (McGuirt et al., 2011; Pirog and McCann, 2009) . To account for possible seasonal and geographic variation in produce price differentials at the different retail outlet types, interaction terms between outlet type and season and outlet type and subregion were also added. Three subregions were compared within the MidAtlantic region: Pennsylvania; Virginia/West Virgina/Washington DC; and Maryland/Delaware/New Jersey. Since the subregion may matter for the seasonal aspect, interaction terms between subregion and season were also included.
Traditionally, hedonic models contain only product and market characteristics. However, we also include demographic variables since they may also affect consumer willingness to pay for a certain product (Huang and Lin, 2007) . Higher-income households are expected to pay a higher price since they are more likely to purchase higher quality products, or shop retail outlets offering more services or located in high rent areas (Lin et al., 2008; Huang and Lin, 2007) . For this reason, we also include an interaction term between income and type of retail outlet. Younger and white households have generally been found to pay higher prices for produce. Mixed results have been found for presence of a child (Huang and Lin, 2007) .
Economic theory provides little guidance regarding the choice of functional form of the hedonic model. Hence, it is essentially an empirical issue. Given that nearly all explanatory variables are dummy variables, the choice of functional form is limited. Based on Box-Cox specification tests, we chose the semi-log functional form over the linear model. 1 In this case, the log of price serves as the dependent variable in equation 2.
Since the Homescan data may contain multiple observations from the same household, error terms are not likely to be independent, which leads to misleading statistical tests using ordinary least squares (OLS) (Lin et al., 2008; Zhang et al., 2009) . For this reason, we use the generalized estimating equations (GEE) method to model correlated data.
2 The resulting parameter estimates are the same as OLS, assuming that observations are independent between households and correlated within households (i.e., an independent working correlation matrix specification) (Horton and Lipsitz, 1999) . However, the variance-covariance matrix of the estimates is adjusted to account for potential downward bias in standard errors and inflated statistical significance of parameter estimates. Our approach also yields consistent estimates of the covariance matrix of parameter estimates in the presence of heteroskedastic errors (Kauermann and Carroll, 2001 ).
Seasonal and subregional prices at the various retail outlets are estimated by rewriting equation 2 as ln(P it ) = X it + e it , where is a vector of coefficients and X it is a vector of corresponding explanatory variables. The expected value of price for a product with characteristics X 1 is:
where σ 2 is the variance of the error term (Oczkowski, 1994) . Table 2 reports results from the estimation of equation 2. The adjusted R 2 is nearly identical for tomatoes and apples, 0.300 and 0.302, respectively. The relatively low values do not indicate poor model fit and are typical with cross-sectional data (Lin et al., 2008) .
RESULTS AND DISCUSSION
The estimated coefficient associated with direct sales outlets and supercenters is negative and statistically significant at the 5 percent level or lower. Hence prices are estimated to be lower at direct sales outlets and supercenters compared to grocery stores. Price discounts at direct sales outlets compared to those found at grocery stores are larger than those found at supercenters.
Most other variables were also highly statistically significant. The organic, discount, and income variables all had the expected sign. Households paid a premium for organic produce, and those with higher incomes paid a higher price, except for tomatoes purchased at direct sales outlets. The statistically significant and negative interaction term between income and direct sales outlet suggests that income had no effect on prices paid for tomatoes at these venues. Prepackaged fresh produce was purchased at a lower price compared to loose produce.
Prices also varied by season, brand, variety, presence of a female head of household, and race. White households paid more for apples and tomatoes compared to oriental households. Younger households paid the most for apples, while older households paid the least. There was little subregional variation in prices paid with the exception of tomatoes in the Maryland/Delaware/New Jersey subregion, which sold at the lowest price. Statistically significant interaction terms between season and subregion suggests that in the Maryland/Delaware/New Jersey subregion, tomato prices were higher in the spring, while apples prices were highest in the summer and spring in the Virginia/West Virginia/Washington DC subregion.
Seasonal produce prices at grocery stores, direct sales outlets, and supercenters are estimated using equation 3. Variables other than outlet type and season are evaluated at their sample mean. A statistically significant interaction term between store outlet type and season of purchase suggests that seasonal differences exist in percentage price discounts.
Prices at both direct sales outlets and supercenters are estimated to be lower than prices at grocery stores in all seasons (Table 3 ). The average tomato price discount at direct sales outlets as a share of the grocery store price is estimated to be lowest in the summer (31 percent) when grocery store prices are lowest. The discount is greatest in the winter (42 percent) when supplies are more limited and store prices are higher.
Tomato prices are lower at direct sales outlets compared to supercenters throughout the year. The relatively large price discounts at direct sales outlets may reflect price competition between vendors, and farmers who reduce their prices in order to sell all of their produce (Silva et al., 2014; Griffin and Frongillo, 2003) . In addition, with few barriers, the threat of new entrants into farmers' markets is high (Connell and Hergesheimer, 2011) .
For apples, prices at direct sales outlets are lowest in the spring. Percentage price discounts at direct sales outlets compared to grocery stores are smaller than those for tomatoes and comparable to discounts found at supercenters. Price discounts at both direct sales outlets and supercenters compared to grocery stores are 13 percent in the winter, and exhibit no statistically significant difference across seasons as indicated by the insignificant interaction terms.
Subregional produce prices are similarly estimated using equation 3. Across all regions, produce at direct sales outlets and supercenters sell at a discount compared to grocery stores (Table 4) . For tomatoes, percentage price discounts at direct sales outlets are larger than those found at supercenters and exhibit some subregional variation. Direct sales price discounts are estimated to be smallest in the Virginia/West Virginia/Washington DC subregion (36 percent).
Apple price discounts at direct sales outlets are considerably smaller than those found for tomatoes. Supercenter prices are also competitive with those at direct sales outlets. Prices at both outlets are approximately 13 percent lower than grocery store prices in Pennsylvania. There is no statistically significant difference in most discounts at direct sales outlets and supercenters in the other two subregions compared to Pennsylvania, as indicated by the insignificant interaction terms. The only exception is in the Maryland/Delaware/New Jersey subregion, where households paid markedly lower prices for apples at direct sales outlets. 
CONCLUSIONS
Our analysis indicates that average prices for fresh tomatoes and apples in the Mid-Atlantic region were significantly lower at direct-to-consumer venues compared to grocery stores. For tomatoes, prices at direct sales outlets were also found to be lower than at supercenters throughout the year and across all subregions. Apple prices at direct sales outlets and supercenters were comparable in all seasons, and in two of the three subregions. Prices at direct sales outlets were significantly lower than supercenter prices in the Maryland/Delaware/New Jersey subregion. These results are consistent with smaller case studies that found it difficult to generalize results for individual items and different geographic locations. Further research is warranted to understand the differences found in relative price comparisons between direct sales outlets and retail stores across individuals. Because we also found some difference in relative price comparisons across subregions, it may be important to consider multiple locations in price analyses.
Surveys that estimate consumers' willingness to pay for locally produced food based on their responses in a hypothetical context suggest that consumers would be willing to pay a premium for locally-produced foods (Carpio and Isengildina-Massa, 2009; James et al., 2009; Darby et al., 2008; Giraud et al., 2005; Hinson and Bruchhaus, 2005; Loureiro and Hine, 2002) . The estimated price discounts at direct sales outlets compared to grocery stores and, in some cases, supercenters suggests that consumer attitudes may fail to translate into actual purchases of local foods at higher prices. This conclusion is corroborated by Xu et al. (2015) who used retail scanner data at grocery stores in Honolulu to estimate the premium for "local" fresh packaged lettuce. Based on actual transaction data, they found no evidence of a price premium. Actual purchase behavior may reflect inconvenience and lack of one-stop shopping, which has been found to be an important barrier to shopping at direct sales outlets (Chambers et al., 2007) . 
